Extracts of nine North African medicinal plants have been evaluated for their anti-babesial properties in vitro. The extracts of Berberis vulgaris and Rosa damascena showed more than 90% inhibition of the parasite growth at a test concentration of 100 µg/mL. In addition to berberine alkaloids, we isolated nine active ingredients from B. vulgaris: E-coniferyl alcohol, (-)-simulanol, p-hydroxybenzaldehyde, 3-hydroxy-4,5-dimethoxybenzoic acid, trans-ferulic acid, syringic acid, vanillic acid, cis-ferulic acid, and syringaresinol-β-D-glucoside. These compounds are all known, but are newly reported for B. vulgaris. Among them, trans-ferulic acid showed the lowest IC 50 value (7.33 µg/mL), not much above that of the standard drug, diminazene aceturate (0.60 µg/mL).
The infection of dogs with the parasite Babesia gibsoni is a worldwide problem, and in recent years the geographic range of the infection has spread. B. gibsoni proliferates within erythrocytes by lysing the cells, resulting in anemia in infected animals. The drug diminazene aceturate (Ganaseg) is effective against B. gibsoni infection [1] , but causes side effects such as weakness, irritability, paralysis, nonresponsiveness to stimuli, and fatal central nervous system hemorrhage [2] . Because of these side effects, alternative chemotherapeutic agents with fewer side effects are urgently needed for the treatment of B. gibsoni infection. We have already reported active ingredients from Indonesian medicinal plants used for the treatment of malaria. Here we examined nine North African medicinal plants and found promising activity in extracts of Berberis vulgaris and Rosa damascena. B. vulgaris (Berberidaceae) is a bush with yellow to brown colored bark. The plant has obovate leaves, bearing pendulous yellow flowers in spring succeeded by oblong red colored fruits (barberry) [3] . In folk medicine, the bark of B. vulgaris has been used for various conditions, including liver dysfunction, gallbladder disease, diarrhea, indigestion, malaria, and urinary tract disease [4] [5] [6] [7] . In Egypt, it is still used for fever associated with pestilence [8] . Here we report the isolation and structural elucidation of anti-babesial compounds from B. vulgaris.
Based on our hypothesis [9] in which medicinal plants used to treat malaria might have anti-babesial activity, we tested nine North African medicinal plants. Some of these are used for the treatment of malaria and others as traditional antifebritics [10] . Anti-babesial activities of extracts of the nine plants against the growth of B. gibsoni in vitro are shown in Figure 1 . Extracts prepared from B. vulgaris and R. damascena showed more than 90% inhibition at a concentration of 100 µg/mL, and extracts prepared from Marrubium vulgare and Taraxacum officinale showed more than 85% inhibition at 1000 µg/mL. The remaining five plants extracts showed more than 50% inhibition at 1000 µg/mL. to be berberine, palmatine, jatrorrhizine, E-coniferyl alcohol (1), (-)-simulanol (2), p-hydroxybenzaldehyde (3), 3-hydroxy-4,5-dimethoxybenzoic acid (4), trans-ferulic acid (5), syringic acid (6), vanillic acid (7), cis-ferulic acid (8), and syringaresinol-β-D-glucoside (9) . The spectroscopic data agreed with previously published data [11] [12] [13] .
Compound 5 showed the strongest activity, with an IC 50 value of 7.33 µg/mL, followed by 8 and 9, with IC 50 values of 134.84 and 51.60 µg/mL, respectively. Compounds 1-4, 6, and 7 showed very weak activities against B. gibsoni in vitro, with IC 50 values > 250 µg/mL, compared with the standard drug diminazene aceturate (Ganaseg, IC 50 = 0.60 µg/mL). Interestingly, trans-ferulic acid (5) has 20 times the activity of its cis isomer (8) .
Although these nine compounds are all known, this report describes the first isolation of them from B. vulgaris. Berberine, palmatine, and jatrorrhizine, have already been isolated from other plant species [14] as anti-babesial compounds.
Experimental
General: Optical rotations were measured with a Jasco DIP-370 digital polarimeter. Mass spectra were recorded on JEOL JMS-SX102A and JMS-AX500 spectrometers. NMR spectra were recorded on a JEOL JNM-EX 270 FT-NMR spectrometer and on a Bruker AM-500 FT-NMR spectrometer. Column chromatography was conducted with silica gel 60 (Kanto Chemical). Analytical thin-layer chromatography was performed with silica gel 60 F 254 (Merck). 
Preparation of plant extracts:
Air-dried samples (5 g) were boiled in 100 mL of water for 30 min. The extract was concentrated under reduced pressure, from which four different concentrations were prepared (1000, 100, 10, and 1 µg/mL), and evaluated for their anti-babesial activity using Babesia gibsoni as a test parasite.
In vitro test for anti-babesial activity:
The antibabesial assay was performed against Babesia gibsoni in vitro according to the reported methods [15] .
Extraction and isolation:
Air-dried bark of Berberis vulgaris (200 g) was extracted with boiling water (2 x 4 L) for 30 min. The combined extract was filtered and concentrated to 500 mL under reduced pressure and then partitioned with EtOAc (500 mL x 4). The EtOAc layer was dried over Na 2 SO 4 and then concentrated under reduced pressure. The residue (1.17 g) was chromatographed on a silica gel column (100 g) eluting with CHCl 3 Fr. IV-2 was further purified using Sephadex LH-20 by eluting with MeOH-CHCl 3 (30:70) to yield 9 (7.0 mg).
